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Faced with changing food availability, organisms adapt metabolism to survive. In a recent issue of Cell, Lin
et al. (2009) described the acetylation of an extranuclear enzyme being regulated by acetyl-CoA. This finding
connects nutrient availability, energy status, and survival.Nutrient availability can have major effects
on growth, development, and metabolism.
There are complex interactions between
diet composition, caloric intake, environ-
ment, and genotype in the control of
health, aging, and longevity. The ability of
an organism to sense, acquire, and effi-
ciently process energy (nutrients) is crucial
for its health and survival. Within the cell,
changes in energy status (or cellular
stress) alter NAD+ and AMP. These levels
serve as intracellular energy indicators
that lead to the modulation of metabolic
pathways through a complex network of
regulatory proteins that ultimately influ-
ence gene regulation in response to the
existing energy status. In part, this gene
regulation is driven by histone acetyl-
transferases (HATs) and histone deacety-
lases (HDACs), a family of enzymes that
regulate (de)acetylation homeostasis
within the nucleus. A paper published this
week in Cell by Lin et al. (2009) demon-
strates that elevated levels of acetyl-
CoA (acCoA) concentration favor the
transcription of phosphoenolpyruvate
carboxykinase (PCK1) and the stimula-
tory acetylation of Pck1p by the nucleo-
some acetyltransferase (NuA4) and, in
turn, regulate yeast chronological life
span (CLS) (Figure 1).Mounting evidence supports that many
aging processes are regulated by energy
metabolism, including NAD+ biosynthesis
(Yang et al., 2007), NAD+-dependent sir-
tuin deacetylation of histones or PGC-1a
(Schwer and Verdin, 2008), and the transi-
tion between glycolysis and respiration
by Nqr1 (Jime´nez-Hidalgo et al., 2009).
All these mechanisms are dependent on
nutrient availability and clearly demon-
strate the importance of equilibrium
between the uptake and efficient pro-
cessing of energy. Efficient and balanced
energy metabolism leads to increases in
both mean and maximum life span, ulti-
mately leading to healthy aging. Most of
these discoveries were made in yeast,
due to the ease of genetic manipulation
and ability to transition from fermentation
to respiration during normal growth
conditions as glucose concentrations fall
in growth media. Using this model, Lin
et al. (2009) report that Pck1 regulates
yeast CLS. This effect is regulated by
acetylation of PCK1 by the acCoA-depen-
dent NuA4 complex and deacetylation by
NAD+-dependent Sir2. The effect of Sir2
on CLS is mediated by inactivation of
alcohol dehydrogenase 2 (Adh2) that
uses the ethanol produced by fermenta-
tion (Fabrizio et al., 2005).Cell MetaboIn recent years, the regulation of chro-
matin-associated proteins by acetylation
has been reported as a key regulatory
mechanism in gene regulation (Yang and
Seto, 2008), but there is little to no infor-
mation on the role of acetylation on cyto-
solic enzymes. Pck1 is unique to the
gluconeogenesis pathway in that it cata-
lyzes the formation of phosphoenolpyr-
uvate from oxaloacetate. Gluconeogen-
esis is activated when yeast has access
only to nonfermentable carbon sources
or by starvation and results in the syn-
thesis of glucose-6-phosphate, required
for both nucleotide and aromatic amino
acid biosynthesis. The balance between
glycolysis and gluconeogenesis is impor-
tant to maintain the bioenergetics of aero-
bic metabolism. In fact, it is known that
transformation of pyruvate to oxaloace-
tate by pyruvate carboxylase is activated
by acCoA and inhibited by ADP (Pronk
et al., 1996).
The paper by Lin et al. (2009) identifies
Pck1 as an extranuclear, nonhistone
substrate of NuA4 acetylation using
acCoA, connecting nutrient availability,
energy status, and survival. In other
words, this paper connects (de)acetyla-
tion and metabolic control via extranu-
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Previewscreating a new perspective on metabolic
regulation. With an elegant use of mutant
strains, this group demonstrates that
the acetylation of lysine 514 (K514) of
Pck1 occurs by NuA4 both in vivo and
in vitro, and furthermore, this acetylation
is reversible via Sir2 activity. Physiolog-
ical experiments using PCK1 null yeast
strains demonstrate the requirement of
this gene product for yeast to grow in
ethanol. Addition of glycerol to the media
enables the cell to bypass this defect, at
least in the first phase of growth. K514
acetylation is required for Pck1 function
and connects Sir2 deacetylation with
NuA4 acetylation as mechanisms modu-
lating CLS in yeast (Figure 1). This
advance puts gluconeogenesis as a key
modulator of yeast longevity under star-
vation conditions.
The importance of these findings for
mammalian aging regulation is maybe
even greater. Mammals contain two iso-
zymes, cytosolic PCK1 and mitochondrial
PCK2, which share the same catalytic
function as the yeast homolog but use
GTP instead of ATP (Matte et al., 1997).
Lin et al. (2009) demonstrate that Pck1,
but not Pck2, was acetylated by TIP60,
homolog for the yeast acetylase Esa1,
part of the NuA4 complex. However, Pck1
was not deacetylated by Sir1, indicating
that other deacetylases must be involved.
Interestingly, silencing Pck1 in mice
induces a downregulation of enzymes
involved in gluconeogenesis and has a
direct impact on glycemic control and
energy metabolism (Go´mez-Valade´s
et al., 2008). Furthermore, old mice over-
expressing PCK1 in skeletal muscle are
more active and live longer than control
mice (Hakimi et al., 2007).
Burgess et al. (2007) demonstrated
the importance of gluconeogenesis to
maintain blood glucose during starvation
to guarantee the glucose supply in
mammals. The discovery of the regulation
of gluconeogenesis through (de)acetyla-
Figure 1. NuA4 via PKC1 Controls Glucose Metabolism and Life Span
Abundance of glucose or fermentable carbon source (FCS) induces fermentation in yeast, preventing the
transcription of PCK1. Ethanol accumulated in the fermentative conditions induces the inhibition of CLS
(Fabrizio et al., 2005). However, under starvation or nonfermentable carbon source (NFCS) conditions,
both PCK1 expression and its posttranscriptional modification by acetyl-CoA-dependent acetylation
are increased. Acetylation of Pck1 induces its activity and accelerates gluconeogenesis. Under these
conditions, ethanol is removed and CLS increases. Acetylation of Pck1, an essential enzyme of gluconeo-
genesis, connects respiratory intermediates with the mechanism to maintain the supply of glucose as
a physiological step for energy homeostasis.306 Cell Metabolism 9, April 8, 2009 ª2009 Elsevier Inc.tion of Pck1 connects the abundance of
acCoA induced during diauxic shift in
yeast that leads to increasing respiration
with the requirement of glucose in starva-
tion conditions. Overall, the regulation of
aging processes, health span, and ulti-
mately longevity seem to be heavily influ-
enced by many of these basic metabolic
sensors, effectors, and transcription
factors, indicating that there is an intimate
connection between energy homeostasis
and longevity.
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